In the current study, two highly conserved (> 90%) H1N1 hemagglutinin peptides STDTVDTVLEKNVTVTHSVNL (H1) and KVNSVIEKMNTQFTAVGKEF (H2) containing multiple T-cell epitopes have been assessed for their immunogenic potential in vitro, subjecting peripheral blood mononuclear cells from healthy volunteers to repetitive stimulation of chemically synthesised H1 and H2 peptides, and measuring their interferon (IFN)-γ level (ELISA) and proliferation (MTT assay). Further, these peptides were analysed for their binding affinity with 18 different human leukocyte antigen (HLA) class I and II by means of molecular docking. All seven samples tested for H1-and H2-induced IFN-γ secretion were found to have enhanced IFN-γ production. Six (H1) and five (H2) samples have shown proliferative response compared to unstimulated cells. Peptide-induced IFN-γ secretion and proliferation in healthy samples represent the immunogenic potential of these peptides. Further, molecular docking results reveal that the peptides have comparable binding energy to that of native bound peptide for both HLA classes which indicates that these peptides have the capability to be presented by different HLA molecules required for T-cell response. Hence, these conserved immunogenic hemagglutinin peptides are potential candidates for influenza vaccine development.
Introduction
Influenza is a common human respiratory infection with an estimated annual occurrence rate of 5-10% in adults and 20-30% in children, globally (WHO 2014) . Out of the three influenza virus, influenza A virus is of utmost health concern worldwide. Most recent pandemic outbreak caused by influenza A (H1N1)pdm09 resulted from the emergence of a novel influenza virus having neuraminidase (NA) and matrix (M) genes from 'Eurasian swine' influenza lineage and the rest of genes from triple reassortant swine influenza virus of avian, human and swine influenza virus (Galiano et al. 2011) . Presently, influenza A virus subtypes H1N1 and H3N2 are circulating in humans and are capable of sustaining human-to-human transmission.
The immune response generated soon after the onset of natural influenza infection is governed by antibodies directed against surface glycoprotein hemagglutinin (HA) and NA. IgA, IgM and IgG isotypes of HA antibodies were reported in infected individuals during A (H1N1) pdm09 (Li et al. 2014) . In agreement with this, currently available inactivated influenza vaccine (trivalent influenza vaccine, TIV) elicits humoral immune response predominantly against HA. However, frequent antigenic drift and an occasional shift render existing antibodies non-neutralising against the unmatched strains. This lack of cross-reactivity elicited by antibody-mediated immune response is the major limitation of currently available influenza vaccine (Soema et al. 2015) . T-cell immunity is also considered vital in curbing the spread of influenza infection and minimising the period of illness (Soema et al. 2015) . T-cell-mediated response in case of influenza is cross-protective and therefore, capable of imparting immunity against heterologous influenza virus 1 3 492 Page 2 of 10 infection. Also, it is well established that T-cell memory acquired from the previous influenza exposure prevents the subsequent hetero-subtypic influenza infections (Hayward et al. 2015; Soema et al. 2015) . But the cytotoxic T-cell activity of the recall response diminishes over time in human because of the decreased number of available memory T cells (Deliyannis et al. 2002) . To establish a swift T-cellmediated response, a pool of memory T cells has to be maintained continuously, thus outwitting the immediate expansion of the T-cell pool required after infection (Soema et al. 2015) . Owing to the important role of T cell in the control of influenza infection, the concept of a T-cell-based vaccine against influenza came into existence (Atsmon et al. 2014 ). T-cell recognition of antigenic epitopes depends upon the expression of peptide-bound highly polymorphic human leukocyte antigen on the surface of antigen-presenting cells (APCs) and different nucleated cells (Blum et al. 2013 ). Promiscuous T-cell peptides capable of binding to a large array of HLA (human leukocyte antigen) can serve as best targets for universal or influenza vaccine.
HA is an integral membrane protein, which forms spikes that project externally from the virus surface. It constitutes about 40% of the total mass of viral particle and plays a key role in viral adhesion and internalisation in a host cell. Various T-cell vaccines approaches based on HA peptides are under development. An oral DNA vaccine based on HA protein using attenuated Salmonella enterica sv. Typhimurium as carrier-elicited antibody, and T-cell and Th1-like cytokine responses against avian influenza virus in chickens (Jazayeri et al. 2012 ). Multimeric-001, which is synthetic protein construct of epitopes of HA, M1 (matrix 1 protein) and NP (nucleoprotein) in Montanide ISA 51VG adjuvant has completed phase I clinical trials (Atsmon et al. 2014) . In a preclinical trial, lipopeptide preparation of HA and NP using TLR (toll-like receptor) 2 agonist Pam2Cys as an adjuvant when given with seasonal influenza vaccine induced cross-protective CD8 + T-cell response in mice (Cobbin et al. 2014) . There is a compelling need to identify conserved peptides capable of conferring prolonged immunity to a large portion of world population against present and future outbreaks of influenza. In our previous study, conserved peptides containing multiple CD8 + and CD4 + epitopes of HA protein using immunoinformatics approach were reported (Lohia and Baranwal 2014) . Among these peptides, two peptides STDTVDTVLEKNVTVTHSVNL (H1) and KVNS-VIEKMNTQFTAVGKEF (H2) were selected for the present work which are 90.4% and 95.5% conserved, respectively, in 5673 sequences of H1N1 HA protein available from 1918 to February 2013 (Lohia and Baranwal 2014) . In the IEDB database, only fragments of identified peptides such as STDTVDTVLEKNVTVTHS (Cusick et al. 2009 ) and SVIEKMNTQFTAVGKE (Ge et al. 2010 ) have been reported to elicit immune response. The immune reactivity of these two synthetic hemagglutinin peptides has been evaluated in vitro using lymphocyte proliferation by MTT {3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide} assay and interferon (IFN)-γ ELISA (enzyme-linked immunosorbent assay). In light of the global perspective of these two peptides, peptide-HLA (human leukocyte antigen) interaction study was carried out by means of in silico molecular docking approach.
Materials and methods

Synthesis of peptides
H1 and H2 peptides were commercially synthesised by GL Biochem (Shanghai) Ltd and GenScript (USA), respectively. Peptides were dissolved in sterile MilliQ water at a concentration of 1 mg/mL.
Blood sampling from healthy volunteers
Healthy human volunteers of age greater than or equal to 18 years with no active hepatitis B and C, and/or HIV infection were included in the study. Blood (8 mL) was drawn by the trained technicians of Lifeline blood bank, Patiala and Nitin Hospital, Patiala (India). All the volunteers gave their informed consent to donate blood for the experiments and the study was approved by institutional ethical committee.
Isolation of peripheral blood mononuclear cells
Peripheral Blood mononuclear cells (PBMC) were isolated based on the ficoll density gradient method. Whole blood was carefully layered onto the Histopaque ® -1077 (SigmaAldrich) and centrifuged at 400×g for 30 min at room temperature. After centrifugation, opaque interface (buffy coat) containing PBMC was carefully collected in a centrifuge tube. The cells were washed twice (10 min each) with phosphate buffered saline. Finally, the cell pellet was re-suspended in 1 mL of complete RPMI-1640 media (RPMI-1640 supplemented with 10% foetal bovine serum, 100 µg/mL streptomycin, 100 IU/mL penicillin and 10 mM HEPES).
Peptide-specific re-stimulation assay
Freshly isolated healthy PBMC were cultured with individual peptides to test the immunogenic potential of peptides (Lohia and Baranwal 2017; Wullner et al. 2010) . In a 24-well flatbottom cell culture plate (Thermo Scientific™), 2 × 10 6 cells were stimulated with each individual peptide (25 µg/mL) in the presence of recombinant IL (interleukin)-2 (20 ng/mL) and complete media in total volume of 2 mL (day 1). Unstimulated cells were supplemented with complete media and IL-2. The plate was incubated at 37 °C in a humidified incubator maintained at 5% CO 2 (Eppendorf New Brunswick™ Galaxy). At days 4 and 7, the culture was re-stimulated by replacing with 1 mL fresh complete media containing the same concentration of peptide and IL-2. On the 10th day, peptide-stimulated and -unstimulated cells were harvested and recounted for further assessing the peptide-specific IFN-γ production and proliferative response.
Measurement of Interferon γ
To assess secretion of IFN (interferon)-γ by peptide-stimulated T cells, the cells harvested on 10th day were seeded again in triplicates in 96-well plate at 1 × 10 5 cells per well in total volume of 200 µL of complete media. Cells recovered from unstimulated wells were distributed in two sets of triplicates; one set stimulated with 10 µg/mL of concanavalin A (Con A, Sigma-Aldrich) served as positive control, whereas the other set having the unstimulated cells served as negative control. In negative control, media was supplemented with IL-2. Peptide-stimulated cells were given final stimulus with 25 µg/mL peptide in the presence of IL-2 (20 ng/mL). Culture supernatant was collected after 48-h incubation and stored at − 80 °C. IFN-γ secretion was measured by ELISA (PeproTech, USA) in 96-well ELISA plate (Nunc MaxiSorp ® ) as per manufacturer's instruction. Finally, the absorbance of each well was recorded at 405 nm, taking 630 nm as the reference wavelength, using a microplate reader (Tecan Austria). IFN-γ production was expressed as fold change in cytokine release as follows:
Lymphocyte proliferation assay
To measure peptide-induced proliferation of PBMC, cells harvested from unstimulated and stimulated wells on the 10th day were distributed and stimulated, respectively, as discussed for IFN-γ measurement. At the end of 6th day, MTT (0.5 mg/ mL) was added to the culture and the culture was again incubated for 4 h (Lohia and Baranwal 2017) . The purple-coloured formazan crystals thus formed were solubilised in 100 µL DMSO (Dimethyl sulfoxide). Finally, the absorbance of each well was recorded at 570 nm, taking 630 nm as the reference wavelength, using a microplate reader. Proliferation was calculated in terms of stimulation index (SI) as follows:
Molecular docking of HA peptides
The interaction of the peptides STDTVDTVLEKNVT-VTHSVNL (H1) and KVNSVIEKMNTQFTAVGKEF (H2) containing multi-epitopes with various HLA class I and II molecules was studied by means of molecular docking (Lohia and Baranwal 2015) . High-resolution crystallographic structures of peptide-bound HLA complex were retrieved from the protein data bank for each class of HLA molecules (Table 1) . Using the Discovery studio visualizer (v4.1), the naturally bound peptides (native peptides) were separated from the parent HLA molecules. The resultant HLA molecules were used as receptors to dock the epitopes/ peptides and the separated naturally bound peptide (used as positive controls) using the AutoDock Vina tool (Trott and Olson 2010) . Based on the naturally bound peptide, the grid parameters were defined for each of the HLA molecules. The structure of the peptides comprising the epitopes was generated using the PEP-FOLD 3 server (Shen et al. 2014) . The top predicted model structures of the epitopes/peptides were used for docking with class I and II HLA molecules.
Statistical analysis
Statistical analysis was performed using GraphPad prism 6 software. Data for PBMC proliferation and IFN-γ release were analysed by one-tailed t test for unpaired data. P values < 0.05 were considered statistically significant.
Results
Peptides elicit IFN-γ secretion
Peptide-mediated activation of T cells among the population of PBMC is measured in terms of IFN-γ production. All the seven H1 peptide-stimulated PBMC samples have shown significantly higher IFN-γ production compared to the unstimulated cells (Fig. 1a) . Five out of seven H2 peptidestimulated samples have shown significantly higher IFN-γ production (Fig. 1b) . Con A, which was used as positive control, triggered stronger IFN-γ response in all the samples. -A1  4P5M  HLA-DP2  3MRK  HLA-A2  3PL6  HLA-DQ1  3RL1  HLA-A3  1S9V  HLA-DQ2  3WL9  HLA-A24  1UVQ  HLA-DQ0602  3VCL  HLA-B7  2NNA  HLA-DQ8  3SPV  HLA-B8  1KLU  HLA-DR1  2A83  HLA-B27  1FV1  HLA-DR2  2HJL  HLA-B5703  1D5M  HLA-DR4  3C9N HLA-B62 3C5J HLA-DR52c
Peptides induce proliferative response
To assess the proliferation of peptide-stimulated PBMC isolated from healthy donors, MTT assay was performed. Six PBMC samples stimulated with H1 peptide have shown proliferation, but significantly higher proliferative response was observed in four PBMC samples (Fig. 2a) . Similarly, in case of H2, five PBMC samples have shown proliferation with four significantly higher proliferation (Fig. 2b) . Con A-stimulated cells elicited stronger PBMC proliferation in each of the samples.
HLA-peptide interaction based on molecular docking
A key step which determines the successful induction of T-cell-mediated adaptive immune response by a peptide is the efficient binding of peptide to HLA molecule. Peptides H1 and H2 were reported to contain multiple CD8 + and CD4 + T-cell epitopes, and bind to large number of alleles in the earlier study (Table 2) (Lohia and Baranwal 2014) . Population coverage analysis, which estimates the expected immune response across the globe, indicated these two peptides were capable of inducing immune response in population residing in different geographical regions of the world (Lohia and Baranwal 2014) . Molecular docking was carried out to ascertain the binding affinity with HLA molecules. Docking study assesses the stability of protein-ligand binding interactions which is determined by change in Gibbs free energy (binding energy). The magnitude of negative binding energy is associated with stability of protein-ligand complex (Du et al. 2016) . To estimate the potential of selected peptides to be presented like natural peptides by different HLA molecules, these peptides were docked with different HLA molecules and the binding energy was compared with naturally bound peptides (test control). High-resolution PDB structures of nine different HLA molecules of each class of HLA (classes I and II) which covers the various HLA alleles were selected for docking. The length of native peptides were found to be in the range of 8-11 and 9-20 amino acid residues for HLA class I and HLA class II, respectively. The binding groove of HLA class I is closed and can accommodate 8-10 residue peptides (Wieczorek et al. 2017) , thus nonamer CD8 + T-cell epitopes which are part of selected six peptides (Table 2) were docked with HLA class I molecules. On the other hand, HLA class II has open grooves and is capable of presenting 13-25 residue peptides; thus, H1 and H2 peptides as such were docked with class II molecules. The docked peptide-HLA configuration was compared from original PDB-obtained peptide-HLA complex by taking one example from each of HLA classes I and II to look for the structural differences and root mean square deviation (RMSD) was calculated. RMSD was observed to be 0.04 (HLA-B5703) and 0.06 (HLA-DP2) which indicate the docked peptide-HLA complex is close to native structure of peptide-HLA obtained from PDB ( Supplementary  fig S1) . Some of peptides/epitopes could not bind to the binding groove of HLA molecules (example: STDTVDTVL and TVTHSVNLL of H1 to HLA-A2, B27 and B5703); hence, their binding energy is left over in the respective figure. In most of the cases, the binding energy of these docked epitopes/peptides was found to be comparable and close to native peptides of both the HLA classes (Figs. 3,  4) . However, some peptide-HLA docked complexes were found to have better magnitude of binding energy than native peptides. Among CD8 + T-cell epitopes, QFTAVGKEF and KMNTQFTAV of H2 displayed better binding energy with HLA-A3 than the corresponding native peptide (Fig. 3b) . CD4 + T-cell epitope enriched peptides LEKNVTVHSVNL (DQ1) of H1 and IEKMNTQFTAVG (DR1, DQ8) of H2 were found to have enhanced binding energy (Fig. 4a) . The favourable binding affinity of peptides with HLA molecules demonstrated that they are presented by HLA molecules to induce peptide-specific CD4 + and CD + T-cell response.
Discussion
Immune response to counter influenza A virus infection has been well characterised in humans (La Gruta and Turner 2014; Sun and Braciale 2013) . In agreement with this, numerous peptides have been identified to elicit T-cellmediated immunity (Atsmon et al. 2014; Francis et al. 2015; Pedersen et al. 2016) . Helper (CD4 + ) and cytotoxic (CD8 + ) T cells were reported in viral clearance and evoking immunological response during influenza virus outbreak (Swain et al. 2004 ). Cells infected with virus were eliminated by cytotoxic T lymphocytes through perforin-mediated killing and contact-dependent lysis (Doherty et al. 1997) . T-helper cells lead to antiviral activity by lymphokine production and help in generating B-cell responses, thus promoting the protective antibody response against the influenza (Sant et al. 2018) . HA protein consists of HA1 and HA2 subunits which are linked by a disulphide bridge. The selected two highly conserved peptides, viz., STDTVDTVLEKNVTVTHSVNL (H1), is located close to the N-terminal of HA1 subunit, whereas KVNSVIEKMNTQFTAVGKEF (H2) is located in the B-loop adjacent to the N-terminal fusion peptide of HA2 subunit of hemagglutinin . B-loop to helix transition is the major conformational change, resulting in the release of fusion peptide at N-terminus of HA2. Further, the insertion of this fusion peptide into the endosomal membrane initiates the fusion of viral envelope with the host endosomal membrane; hence it is one of the important targets for vaccine development. These two peptides which were predicted to contain multiple CD4 + and CD8 + T-cell epitopes were found to exhibit in vitro immune response (peptide-induced IFN-γ production and proliferation) in healthy PBMC in the current study.
The secretion of IFN-γ along with some other cytokines is considered as the signature for antigen-induced T-cell proliferation and differentiation. Therefore, its accurate assessment in peptide-stimulated PBMC culture is critical in evaluating the immunogenicity of the peptide. In current scenario, three techniques most widely used for cytokine detection are flow cytometry (intracellular cytokine staining, ICS), ELISPOT and ELISA (Coughlan and Lambe 2015) . Flow cytometry and ELISPOT measure the number of cytokine-positive/cytokine-secreting cells, whereas ELISA measures the total amount of cytokine secreted extracellularly. A study done in the recent past reported that there can be a lack of correlation between IFN-γ values measured by these three techniques (Hagen et al. 2015) . Higher count of cytokine-positive cells (ICS) does not necessarily indicate higher frequency of spot-forming cells (ELISPOT). Similarly, high count of spot-forming cells (SFCs) does not assure secretion of the huge amount of cytokine compared to the sample with lower SFCs (Hagen et al. 2015) . ELISA has been used for detection of extracellular IFN-γ released as a result of antigen-induced proliferation of T cells (Atsmon et al. 2014; Stoloff and Caparros-Wanderley 2007; Hou et al. 2012) . In the present work, ELISA was employed to measure the level of released IFN-γ as a result of peptide-stimulated cells. Significantly higher secretion of IFN-γ level was observed in both peptide-stimulated cells for most of the healthy samples. These results indicate that the peptides are capable of inducing an immune response.
Fig. 3 Docking of CD8
+ T-cell epitopes of HA with HLA class I molecules using AutoDock Vina. The binding energy of each HLAepitope complex a H1 and b H2. Native peptides were excised from the original PDB structures of HLA class I molecule using Discovery Studio v4. 1 visualizer tool. The structures of epitopes were built using the PEP-FOLD tool. The native peptide and the CD8 + T-cell epitopes of HA were docked to HLA class I molecules using Autodock vina
Fig. 4 Docking of peptides containing CD4
+ T-cell epitopes of hemagglutinin (H1 and H2) with HLA class II molecules using AutoDock vina. The binding energy for each peptide-HLA complex is obtained after docking. Native peptides were excised from the original PDB structures of HLA class II molecule using Discovery Studio v4. 1 visualizer tool. The structures of epitopes were built using the PEP-FOLD tool. The native peptide and the peptides containing multiple CD4 + T-cell epitopes of HA were docked to HLA class II molecules using Autodock vina MTT assay has been reported as a sensitive and safe non-radioactive assay for measuring PBMC proliferation by various studies (Weichert et al. 1991; Zhuge et al. 2012) . Proliferation pattern obtained for the two peptides under consideration in the present study has shown a significant increase in the proliferation compared to the unstimulated cells. Out of the seven different PBMC samples, six (H1) and five (H2) samples have shown proliferative response. Thus, the results indicate that both in silico-identified peptides are able to mount an immune response in terms of proliferation as well as IFN-γ release. Although, slight variation in response of the peptides was observed in different samples due to the fact that PBMC are a heterogeneous population of cells and moreover, HLA haplotype of each individual varies because of the extensive HLA polymorphism.
As per the Influenza research database (IRD) records available on 17 April 2017, 489 immunogenic HA peptides of H1N1 hemagglutinin (from different H1N1 strains) have been reported to elicit T-cell-mediated immune response in humans. Most of these reported peptides were specific to virus strains, but current peptides used in this study were reported to be > 90% conserved across different strains of H1N1 virus (Lohia and Baranwal 2014) . Moreover, these two peptides have not been exactly reported earlier for their immunogenicity as per the information available in IEDB database. Peptides VLEKNVTVTHSVNLL (Duvvuri et al. 2013 ) and STDTVDTVLEKNVTVTHS (Cusick et al. 2009 ) which are similar to peptide H1 have been proven to elicit CD4 + T-cell-mediated immune response by means of IFNγ release and T-cell proliferation assays. Similarly, SVIEKMNTQFTAV (Su et al. 2013 ) and SVIEKMNTQFTAVGKE (Ge et al. 2010 ) peptides similar to peptide H2 was also reported to elicit CD4 + T-cell-mediated immune response.
HLA genes are the most polymorphic loci among the different individuals and populations of the world. Till July of 2015, 13,412 HLA alleles have been recognised by IMGT/ HLA Database (The international ImMunoGeneTics information system) (Mack 2015) . In the present study, the immunogenicity of the two peptides was evaluated in different healthy samples collected from Indian population, but it is imperative to study the immunogenicity globally. HLA molecules play a cardinal role in induction of T-cell-mediated immune response (Blum et al. 2013) . Efficient binding of HLA molecules to the peptides is a critical step towards the successful induction of peptide-mediated T-cell-mediated adaptive immune response (Blum et al. 2013 ). Thus, analysing peptide-HLA interaction shall give an approximate idea of immunogenicity (Antunes et al. 2018) .
Peptides capable of binding to an array of HLA alleles are ideal T-cell epitope-based vaccine candidates, since they are potentially immunogenic in different populations across the world. In light of this fact, nine different HLA each of classes I and II were selected for studying the peptide-HLA interaction by molecular docking. Molecular docking is identified as an expeditious, reliable and accurate technique for analysing the binding of peptide with HLA molecules (Patronov et al. 2011) . In a study conducted on H5N1 nucleoprotein (NP), molecular docking was applied in combination with IFN-γ ELISA and flow cytometry-based cell proliferation assay in in vivo models for the successful identification of epitopes (Hou et al. 2012) . In another study, potential peptide vaccine candidates of Leishmania infantum were identified using structure-based molecular docking, sequence-based epitope prediction algorithm and in vitro peptide stimulation technique (Agallou et al. 2014) . In the present study, nonamer CD8 + T-cell epitopes and CD4 + peptides (part of H1 and H2 peptides) were docked to HLA classes I and II, respectively, and have shown comparable binding energies with that of native bound peptides (positive controls). It is noteworthy that in some cases, experimental epitopes have displayed higher binding energy compared to the native peptides. Similarly, few epitopes/peptides-HLA molecules have shown higher binding energy values. Hence, it can be concluded that peptides exhibited overall good binding affinity with classes I and II HLA molecules which is in agreement with a previous report where these peptides were predicted to bind to a large number of HLA molecules (Lohia and Baranwal 2014) . Thus, the present docking result confirms the promiscuous immunogenic nature of both the peptides and may indicate their worldwide presentation. A similar study was conducted for influenza matrix 1 (M1) peptides and Metadherin (a cell surface protein in breast tumours), taking into account HLA classes I and II molecules (Dhiman et al. 2016; Lohia and Baranwal 2015) . Various studies conducted in the past have identified highly immunogenic influenza virus peptide by means of a combined approach involving in silico screening and in vitro or in vivo validation (Duvvuri et al. 2013; Sun et al. 2010) . Most remarkable example is that of the peptides of influenza identified by Stoloff and colleagues using in silico approach, which are the constituents of an influenza vaccine currently undergoing phase II clinical trial under the concept name of FluV (Stoloff and Caparros-Wanderley 2007; Pleguezuelos et al. 2012) .
Vaccination is the first and best way to prevent influenza infection. Vaccines currently available against influenza are traditional formulations such as trivalent inactivated vaccine (TIV), quadrivalent inactivated vaccine (QIV) and live attenuated vaccines. These vaccines are composed of inactivated or attenuated strains of circulating influenza A and B virus (Lee et al. 2014) . Other than these, various other vaccines which have been licensed in the recent past include recombinant HA vaccine and adjuvanted or cell culturederived inactivated influenza vaccine (Krammer and Palese 2015) . These strain-specific influenza virus vaccines are effective countermeasures against infection. But they need to be reformulated almost every year owing to antigenic drift and their efficacy varies among the individuals of different age groups. In case of a sudden outbreak, their timely and adequate availability is difficult due to the long time frame required for their production. Also, current vaccine strategies primarily bestows antibody-mediated humoral immune response which is directed against those regions of virus surface proteins (like the globular head of HA protein) which mutate rapidly due to selection pressure imposed by the host immune system. Due to this mismatch between the circulating and vaccine strain, most of the antibodies directed against HA of the vaccine strain fail to neutralise drift variant of influenza virus in circulation. Thus, virus succeeds in evading the host immune system. It is evident that vaccination modality which relies on the use of conserved T-cell epitopes existing across influenza virus subtypes to induce broad protection is being worked out.
Long synthetic immunogenic peptides containing highly conserved T-cell epitopes present a promising approach to fight influenza infection. They are devoid of any risk of reversion, genetic recombination or integration. Further, large-scale production, modification, storage and transportation (in freeze dried form) of peptides are relatively easy compared to the traditional vaccines. They are easy to synthesise with desired purity level (Purcell et al. 2007 ). Further, peptides are easy to be modified chemically or combined with adjuvants, carrier molecules, to enhance their delivery to immune cells. Several concepts of influenza vaccines based on peptides which elicit T-cell-mediated immune response are under clinical trial. A recombinant protein vaccine termed as Multimeric-001 vaccine composed of nine conserved linear epitopes from three different influenza proteins (HA, NP and matrix protein) is undergoing phase II trial (Atsmon et al. 2014) . FP-01.1 vaccine, which is undergoing phase II clinical trials, contains six long peptides from the internal influenza protein M1, NP and polymerase basic proteins (PB1 and PB2) conjugated to fluorocarbon moiety (Francis et al. 2015) . Flu-V vaccine is a mixture of four long peptides of various T-cell epitopes from M1, M2, and NP used with Montanide ISA 51VG adjuvant. This concept has also entered phase II trials (Stoloff and Caparros-Wanderley 2007; Pleguezuelos et al. 2012) . All these studies support the strong candidature of immunogenic peptides containing multiple T-cell epitopes for influenza vaccine development.
To conclude, two highly conserved synthetic H1N1 hemagglutinin peptides STDTVDTVLEKNVTVTHSVNL (H1) and KVNSVIEKMNTQFTAVGKEF (H2) containing multiple overlapping CD4 + and CD8 + T-cell epitopes are able to elicit immune response in terms of IFN-γ release and proliferation. The molecular docking result suggests that they have a strong binding affinity with wide HLA molecules indicating their global representation. Hence, these peptides offer a great potential as a broadly reactive T-cell-based vaccine candidates in the fight against the epidemic as well as pandemic H1N1 influenza but not cannot prevent non-H1N1 pandemic.
